Abstract The aims of this study were to (1) determine if older people at their fast walking speed (FWS) are able to reach the speed required at pedestrian crossings (>1.2 m/s) and (2) determine the role of cognitive impairment on the ability to alter speed and walk quickly. Participants were recruited from the Angers Memory Clinic, France. Gait speed was assessed at preferred and FWS using a GAITRite walkway. Walking speed reserve (WSR) was calculated as the difference between FWS and preferred speeds. Participants were classified into cognitive stages (cognitively healthy, mild cognitive impairment, mild and moderate dementia) based on neuropsychological evaluations. The proportion of participants with a FWS of <1.2 m/s was reported. The association between cognitive stage and preferred, fast and walking speed reserve was assessed using multivariable regression, adjusting for covariates. The mean age of the sample (n = 681) was 73.3 (SD 5.8) years. At preferred speed 73.7%, and at FWS 12.8%, of participants had speeds less than 1.2 m/s. Poorer cognitive stage was associated with slower preferred speed (β −0.08, 95% CI −0.10, −0.06), FWS (β −0.13, 95% CI −0.16, −0.10) and also with smaller WSR (m/s) (β −0.05, 95% CI −0.07, −0.03), but not WSR (%) (β −1.73, 95% CI −4.38, 0.93). In older people, worse stages of cognitive impairment were associated with poorer ability to increase speed and walk quickly. Such limitations may result in reduced ability to access the community.
Introduction
In order to successfully ambulate in the community, being able to alter speed and walk quickly is important. For example, a decline in preferred walking speed (PWS) with age (Callisaya et al. 2008 ) may require an older person to increase their walking speed in order to cross the road where pedestrian signals are based on minimum speeds of 1.2 m/s (Donoghue et al. 2016) . Walking quickly may be necessary for keeping up with peers or increasing the intensity of physical activity for better health (Office of Disease Prevention and Health Promotion 2008). Slower fast walking speeds (FWS) have also been found to be clinical markers of adverse health outcomes in older age such as falls (Middleton et al. 2016) , disability (Artaud et al. 2015) and mortality (Studenski et al. 2011; Sabia et al. 2014) . Furthermore, the extent of increase from PWS to FWS (termed walking speed reserve [WSR] ) may provide additional information compared with PWS or FWS alone (Middleton et al. 2016) . However, there is limited understanding of the factors that contribute to either WSR or FWS.
Altering speed and walking quickly is a challenging task that may require greater cognitive resources than PWS in order to maintain balance and rapidly take in changing surroundings (Fitzpatrick et al. 2007) . Two prior studies reported that slower FWS is associated with poorer global cognition (Fitzpatrick et al. 2007; Deshpande et al. 2009 ), and one further study showed associations with poorer memory, visuospatial ability, executive function and processing speed . No studies to our knowledge have examined whether cognitively impaired older people can reach walking speeds required at pedestrian crossings or examined the associations between different stages of cognitive impairment and FWS or WSR. The aims of this study were to (i) determine the proportion of people in the overall sample, and at each cognitive stage (cognitively healthy, mild cognitive impairment (MCI), mild and moderate dementia), unable to reach walking speeds of 1.2 m/s and (ii) examine the associations between cognitive stage and the ability to increase walking speed (WSR) and walk quickly (FWS). The results of this study may lead to a better understanding of the mechanisms underlying FWS, and assist clinicians develop programs to help older people maintain access to the community.
Methods
Participants were from the Gait and Alzheimer Interactions Tracking (GAIT) study. GAIT is a study of older people from the Angers Memory Clinic in France with the aim to compare gait characteristics during different challenging tasks among older people at different stages of cognitive impairment. The study design and assessments have been previously described in detail . Assessment was from November 2009 to 2015. Participants were excluded if they had an acute medical illness in the past month, extrapyramidal rigidity of the upper limbs, neurological or psychiatric diseases (other than cognitive impairment), severe medical conditions affecting walking like major orthopaedic diagnoses (e.g. severe osteoarthriti) involving the lumbar vertebra, pelvis or lower extremities or were unable to walk 15 m unassisted.
Medical assessment
A standardized questionnaire and interview was used to record age, sex, education level (level was divided into a binary term at secondary education or above), number of drugs taken (used as a measure of morbidity burden (de Decker et al. 2013) ) and use of psychoactive (i.e. benzodiazepines, antidepressants or neuroleptics) and diabetes drugs were recorded. High blood pressure was defined as a systolic blood pressure ≥140 mmHg or diastolic blood pressure ≥90 mmHg or the use of antihypertensive drugs defined by the use of at least one of the following drug therapies: renin-angiotensin inhibitor agents, beta-blocking agents, diuretics, calcium channel blockers and central antihypertensive agents. Functional ability was assessed with the Instrumental Activities of Daily Living scale and depression with the 4-item geriatric depression scale (scores ≥2 were classified as depressed). Height and weight were recorded to calculate body mass index.
Cognition
A comprehensive cognitive battery including the MiniMental State Examination (MMSE) (Folstein et al. 1975) , Frontal Assessment Battery (Dubois et al. 2000) , Alzheimer's Disease Assessment ScaleCognitive (Rosen et al. 1984) , Trail Making Test parts A and B (Lezak 1995) and the French version of the Free and Cued Selective Reminding Test (Grober et al. 1 9 8 8 ) w e r e a d m i n i s t e r e d b y a q u a l i f i e d neuropsychologist.
Participants were classified as having mild cognitive impairment (MCI) following the Winblad consensus criteria (Winblad et al. 2004 ) during multidisciplinary meetings of the Angers University Memory Clinic. Further classification was made into amnesic, non-amnesic domains or multi-domain MCI (having both amnesic and non-amnesic impairments). A diagnosis of dementia was also made during multidisciplinary meetings based on the NINCDS/ADRDA criteria (McKhann et al. 1984) . The level of severity of dementia was classified as mild if MMSE scores were above 19 with any impairment in activities of daily living. Moderate dementia was classified as scores of 10-19 on the MMSE and any impairment in activities of daily living.
Gait assessment
Gait speed was assessed using the GAITRite walkway (Gold walkway, 972 cm long, active electronic surface area 792 × 610 cm, total 29,952 pressure sensors, scanning frequency 60 Hz; CIR System, Havertown, PA, USA). Participants completed one trial at their PWS and one trial at their FWS (asked to walk as quickly, but as safely as possible) in a quiet, well-lit environment wearing their own footwear. All participants completed the tests without a gait aid. WSR was calculated as the raw difference between FWS-PWS and WSR (%) was calculated as FWS−PWS ð Þ PWS *100.
Data analysis
STATA 12 (StataCorp LP Texas, USA) was used for all statistical analyses. Baseline characteristics of the sample and the gait measures were described stratified by sex as frequencies (%) or means (SD) as appropriate. For the first aim, the proportion of participants not able to reach 1.2 m/s for both preferred and fast speeds were determined for the overall sample and for each cognitive stage. For aim two, linear regressions were used to examine the association between stages of cognitive impairment (independent variable) and each gait outcome measure (dependent variable). Multivariable linear regression was performed adjusting for age, sex and education. Additional adjustment was made for psychoactive or diabetic drug use, hypertension, number of medications, depression and body mass index if their addition changed the beta-coefficient of the gait variable by >10% (Maldonado and Greenland 1993). The MMSE was not included as a covariate as it was used in the assessment of cognitive stage and would result in collinearity if both were included in the model. Interactions between cognitive stage and sex were assessed with their product term in the model. Results are presented as an overall test of trend across cognitive stages. The strength of associations between cognitive stage and each gait variable are summarized as partial r 2 values from the final models. We also performed a secondary analysis to compare the differences in gait measures between subtypes of MCI (amnestic, nonamnestic or multi-domain type) and cognitively healthy individuals with a one-way ANOVA adjusting for multiple comparisons using the Tukey-Kramer test. Ethics approval was obtained from the ethics committee of Angers University Hospital. Informed consent was obtained from all participants.
Results
The average age of the sample (n = 681; range 59-91) was 73.3 years (SD 5.8), and 56.8% (n = 387) were male. Forty-seven percent (n = 321) were classified as cognitively healthy, 37% (n = 252) as having MCI, 10.3% (n = 70) with mild dementia and 5.6% (n = 38) with moderate dementia. The number of people with different types of dementia were as follows: Alzheimer's (n = 89), neurodegenerative nonAlzheimer (n = 4), vascular (n = 3) and mixed (n = 12). Table 1 Aim 1: the proportion of people unable to reach speeds of 1.2 m/s Table 2 provides the mean of each gait measure at each cognitive stage (cognitively healthy, MCI, mild and moderate dementia) for men and women separately. Men had better walking performance than women (all p < 0.001), except in the mild and moderate dementia stages where there were no significant sex differences in WSR (%) (p > 0.05). Overall, 73.7% of older people had a preferred walking speed of less than 1.2 m/s, and 12.8% of older people could not reach this speed at their FWS. Of those able to reach 1.2 m/s at FWS, on average, they had to increase their PWS by 0.45 m/s or 39.8%. Nearly all participants with mild or moderate dementia had a PWS slower than 1.2 m/s. Fifty percent of women with mild dementia, and over 65% of men and women with moderate dementia could not reach 1.2 m/s at their FWS. In unadjusted analysis, there was a significant trend across cognitive stage for both men and women for slower preferred speed (both p < 0.001), slower fast speed (both p < 0.001) and smaller WSR m/s (both p < 0.001). For WSR %, the trend was significant for men (p = 0.02), but not women (p = 0.76). There was a significant sex × cognitive stage interaction for preferred speed (interaction p = 0.01), but (Fig. 1) . After adjusting for age, sex and education (Table 3) , a significant association persisted across poorer stages of cognition and slower PWS (β −0.08 95% CI −0.10, −0.06; trend p < 0.001), slower FWS (β −0.13 95% CI −0.16, −0.01; trend p < 0.001) and a smaller WSR in m/s (β −0.05 95% CI −0.07, −0.03; trend p < 0.001), but not for WSR (%) (β −1.73 95% CI −4.38, 0.93; p = 0.20). The non-significant association for WSR (%) was partially due to an influential female outlier with moderate dementia and a WSR of 270%. Removal of this observation resulted in a slightly stronger association with WSR (%) (p = 0.07). There were also some significant differences between groups as shown in 
Discussion
This is the first study to our knowledge to examine whether older people can increase walking speed to a level of 1.2 m/s required to cross the road. In older people attending a memory clinic, we found that 73.7% of older people would need to increase their PWS to safely cross the road, and that 12.8% were unable to reach this speed at all. Importantly, worse stages of cognitive impairment were associated with slower PWS, FWS, a smaller WSR (m/s) but not WSR (%). These findings increase the understanding of the contribution of cognition to challenging walking tasks and highlight the need to consider longer crossing times for older people in order to improve safety and access. A minimum walking speed of 1.2 m/s is required to cross the road in many countries (Asher et al. 2012 ; Donoghue et al. 2016) . Although the proportion of people unable to reach this level at FWS was low (12.8%), many individuals were likely extending themselves to close to maximum levels (for example in our study, a further 15% of people had FWS of between 1.2 and 1.4 m/s). Slower FWS and the inability to achieve 1.2 m/s were disproportionately found in women, as well as in those with more severe cognitive impairment, potentially increasing the time of exposure for pedestrian accidents that more commonly occur in older people (Observatoire National Interministériel de Sécurité Routière (ONISR) 2006). FWS is not only important for community ambulation, but is also a sensitive predictor of adverse health outcomes such as falls, disability and mortality (Deshpande et al. 2009; Studenski et al. 2011; Sabia et al. 2014; Artaud et al. 2015; Middleton et al. 2016) . Understanding the underlying mechanisms is important in order to implement appropriate preventative or compensatory interventions. Prior studies have found that FWS is associated with lower scores on continuous measures of either global cognitive function (such as the MMSE or 3MSE) (Fitzpatrick et al. 2007; Deshpande et al. 2009) or with different cognitive domains in those without dementia . Our study extends these findings, by demonstrating associations across stages of cognitive impairment including MCI, mild and moderate dementia. Cognitive stage explained a slightly greater proportion of the variance for FWS than for PWS suggesting that FWS may require slightly greater cognitive resources. We also examined sub-types of MCI. Our findings suggest that a diagnosis of non-amnestic MCI is particularly important in the ability to walk quickly. The non-amnestic subtype broadly represented deficits in executive function. Executive function includes processes such as planning, initiation, attention, cognitive flexibility, judgement and decision making (Lezak 1995) , skills that are essential in negotiating a community environment.
The ability to alter walking speed from preferred to fast speed has been termed WSR (Middleton et al. 2016) . For example, two people may both have a PWS of 1.0 m/s, but one person can increase to a FWS of 1.2 cm/s (WSR = 0.2 m/s) and another 1.7 m/s (WSR = 0.7 m/s). A greater reserve may indicate better cognitive and physiological ability but few studies have examined whether this is the case ). We found a smaller WSR (m/s), but not WSR (%), in those with worse cognitive impairment. Interestingly, there was an influential woman with moderate dementia who started with a PWS less than 0.50 m/s, and increased speed by 270%. It may be that some individuals with greater cognitive impairment increase speed to a level that is too fast for their abilities, but this requires further study. Future research should investigate whether such individuals have different health outcomes, such as falls, to those with a lower WSR (%).
The underlying mechanisms for our findings may include neurodegeneration (Rosano et al. 2007; Callisaya et al. 2013; Del Campo et al. 2016 ) and vascular pathology (Callisaya et al. 2013 ). Both cognition and gait impairments are associated with lower grey (Rosano et al. 2007; Jokinen et al. 2012; Callisaya et al. 2014 ) and white matter volume (Callisaya et al. 2013) , as well as cerebrovascular disease such as white matter hyperintensities (Jokinen et al. 2012 ) and cortical and subcortical infarcts (Rosano et al. 2006; Choi. 2012) . Cerebrovascular disease and brain atrophy, particularly in prefrontal and subcortical areas, may underlie the associations between non-amnestic MCI and slower FWS (Rosano et al. 2007; Choi et al. 2012; Callisaya et al. 2014) . Associations between brain imaging markers and FWS have not been undertaken, but it could be hypothesised that walking at a fast speed might require greater areas of cerebral brain activation to perform the challenging task.
This study has a number of strengths. Walking speed was measured quantitatively with a sensitive electronic mat under standard protocols. Although we did not use the Clinical Dementia Rating Scale, the diagnosis of cognitive stage was made using both comprehensive clinical and objective tests using standardized criteria. The sample was large allowing us to examine associations and differences across multiple categories. There are, however, some limitations. This was a crosssectional study and the direction of associations is uncertain. There were few participants in the MCI subtype and moderate dementia categories and therefore caution is required in interpreting results. Although the study population was from a memory clinic making the results less generalizable to the wider population, our results are generalizable to clinical situations where diagnosis of cognitive disorders generally occurs. Those who we classified as cognitively healthy had subjective cognitive complaints or a concerned carer, and therefore may be different to those without such a complaint. However, although from only one trial of each speed, our mean values for gait speed for cognitively healthy people were similar for PWS (Shumway-Cook et al. 2007; Callisaya et al. 2008 ) and slightly faster for FWS (ShumwayCook et al. 2007; Callisaya et al. 2012) , than those from population-based studies. Participants were excluded if they had major orthopaedic diagnoses (e.g. severe osteoarthritis) that effected walking. However, it is possible that some participants had musculoskeletal conditions which could have influenced gait performance. Finally, it would be interesting in future research to examine the associations between cognitive stage and the patterns or determinants of gait speed (e.g. step length and cadence).
In conclusion, we found that many older people would need to increase their PWS in order to safely cross at pedestrian crossings. Poorer cognitive stage was associated with slower PWS, FWS and a smaller WSR (m/s), which may limit access to the community in these individuals. These results may provide important information for governments to improve the community environment for older people and for clinicians when considering programs to improve community ambulation.
